Background-The incidence, determinants, and outcome of postoperative atrial fibrillation (AF) after surgery for mitral regurgitation (MR) are poorly defined but may have important implications for timing of mitral valve surgery. Methods and Results-In 762 patients in sinus rhythm with no AF history undergoing MR surgical correction, we examined the rates and prognostic implications of postoperative AF for early AF (within 2 weeks postoperatively) and late AF (Ͼ2 weeks after surgery 
A trial fibrillation (AF) is a frequent complication after cardiac surgery, with a reported incidences as high as 65%. 1 Postoperative AF is associated with increased mortality and morbidity, 2 longer hospital stay, 3 and increased hospitalization cost. 4 Consequently, preventive strategies with ␤-blockers or amiodarone have been proposed. 5, 6 AF is also a common complication of mitral regurgitation (MR) when conservatively managed. 7 Its incidence increases with age and left atrial (LA) dimension. Importantly, the occurrence of AF under conservative management is associated with subsequent excess mortality and morbidity. However, the incidence and determinants of AF after mitral valve surgery are poorly defined for several reasons. First, postoperative AF has been mainly evaluated after coronary artery bypass surgery (CABG), and few patients undergoing mitral valve surgery (for mitral stenosis or MR) were included. 2,4,8 -11 Second, these studies included mostly post-valve replacement patients, and in an era of mitral valve repair dominance, the incidence of postoperative AF remains undefined. Third, early postoperative AF has been mainly evaluated, and the long-term incidence of AF after mitral valve surgery is seldom reported. Consequently, the relation between early postoperative AF and late recurrence is unknown, and the impact of postoperative AF on outcome is not defined. The lack of data on the incidence, predictors, and long-term clinical implications of AF after MR surgery hinders management of patients with MR and the potential development of preventive strategies.
The aims of this study were, in patients undergoing mitral valve surgery repair or replacement, to (1) evaluate the incidence of AF immediately and late after mitral valve surgery, (2) assess the determinants of postoperative AF, (3) investigate the consequences of early postoperative AF in terms of recurrence of AF, and (4) assess the impact of postoperative AF on outcome.
Methods

Patient Population
All patients who underwent mitral valve surgery for MR (repair or replacement) at the Mayo Clinic, Rochester, Minnesota, from January 1980 through December 1995 were potentially eligible for the present study. Exclusion criteria were (1) nonsinus rhythm at entry (2) history of paroxysmal or chronic AF, (3) previous cardiac surgery, (4) associated mitral stenosis of more than a trivial degree, (5) associated aortic valve disease of more than a trivial degree, and (6) cardiac congenital or pericardial surgery. Associated CABG at the time of mitral valve surgery was not an exclusion criterion. Medical records of eligible patients were comprehensively reviewed for clinical data. Significant coronary artery disease (CAD) was defined by the presence of stenosis Ն70% (50% for left main) on preoperative angiograms. Patients denying access to their medical records for research were excluded.
All patients were followed up clinically by their personal physicians. Follow-up information was obtained by review of ECGs and consultations performed at our institution and at outside physicians' institutions. We contacted prospectively and repeatedly the outside physicians and institutions participating in the patient's care and obtained copies of their records after authorization. All episodes of AF reported herein were confirmed by investigator's review of ECGs or prints of telemetry monitoring. No unsubstantiated episode of palpitation was considered to be AF. Early AF was defined as AF occurring within 2 weeks after surgery and late AF as AF occurring Ͼ2 weeks after surgery. Postoperative stroke and congestive heart failure (CHF) complications were confirmed by physician or hospital records.
Echocardiographic Assessment
Comprehensive 2-dimensional (2D) echocardiography was performed before MR surgery, 12,13 all echocardiographic variables were collected prospectively, and for subsequent analyses, all values were used unaltered from the original echocardiographic report. The etiology of MR was defined according to valve alterations and confirmed by surgical observations 14 and was classified as ischemic or nonischemic. Left ventricle (LV) and left atrium (LA) dimensions were measured by 2D-directed, M-mode echocardiography. LV ejection fraction (LVEF), visually estimated, 15 was averaged with the calculated values 16 when available.
Statistical Analysis
Continuous variables are expressed as meanϮSD, and categorical variable as percentages. Comparisons between groups were performed with standard t tests or 2 test as appropriate. Identification of predictors of early AF was performed by logistic regression. The incidences of late AF and other events (stroke or CHF) were estimated by the Kaplan-Meier method, expressed as meanϮSE and compared between groups by the log-rank test. Occurrence of late AF was analyzed by censoring at time of death or last follow-up, and the time analyzed was that between surgery and occurrence of AF or last follow-up. Identification of predictors of late AF was based on univariate and multivariate Cox proportional-hazards analyses. To determine the impact of follow-up AF on subsequent outcome (occurrence of death or the combined end point of stroke or CHF as major potential complications of AF), a time-dependent AF variable (specifying the time of occurrence with respect to surgery and to complications) was tested (as an independent variable) in univariate and multivariate Cox proportional-hazards models including other baseline predictors of outcome. PϽ0.05 was considered significant.
Results
Baseline Characteristics
During the study period, 1344 patients underwent isolated mitral surgery for MR at our institution, of whom 544 were in AF preoperatively and 38 had a history of AF, so that 762 patients fulfilled the eligibility criteria. Baseline characteristics are summarized in the Table, left. Age was 62Ϯ13 years, 62% were male, 48% were in New York Heart Association (NYHA) class III/IV, and 23% were in Canadian Cardiovascular Society (CCS) angina class III/IV. Mitral valve repair was performed in 72% and replacement in 28% by a standard left atriotomy and caval cannulation through the right atrial appendage in all patients. Forty percent had concomitant CABG. LVEF was 59Ϯ13% and was Ͻ50% in 19% of patients. LA diameter was 51Ϯ8 mm.
Incidence of Postoperative AF
Follow-up was obtained in 98% until the time of death or 2000 (mean duration, 5.5Ϯ4.8 years; up to 19.4 years). AF occurred in 180 patients (24%). One hundred thirty-six patients (18%) developed early AF (within the first 2 postoperative weeks). Among these patients, AF remained confined to the 2 weeks postoperatively (isolated early AF) in 69 patients (9%), whereas 67 patients (9%) had recurrence of AF (early plus late AF). Another subset of 44 patients (6%) experienced AF only after the 2 postoperative weeks (late AF only). Thus, a total of 111 patients (15%) experienced late AF. The incidence of late AF at 5 and 10 years was 12Ϯ1% and 19Ϯ2%, respectively ( Figure 1 ).
Predictors of Postoperative Early AF
Overall Early AF
Comparisons between patients with early AF and no AF with regard to baseline characteristics are presented in the middle panel of the Table. Early AF patients were older (Pϭ0.0008), had significantly larger LA (Pϭ0.001), and had more frequent mitral valve replacement than repair (Pϭ0.03). There were no differences with regard to CAD status, associated CABG, or etiology of MR. By logistic regression analysis, after adjustment for age, sex, and NYHA class, independent predictors of early AF were lower LVEF (odds ratio 
Predictors of Postoperative Late AF
There were no demographic differences between patients with late AF and those with no AF (right panel of the Table) .
However, patients with late AF had higher blood pressures (PϽ0.05), less frequent CAD, less frequent ischemic MR or associated CABG (all PϽ0.05), and significantly larger LA size (PϽ0.0001). The incidence of late AF at 5 and 10 years was significantly higher in patients with an LA size Ն50 mm than in those with LA size Ͻ50 mm (18Ϯ3% versus 7Ϯ2% and 24Ϯ3% versus 11Ϯ3, respectively; Pϭ0.006; Figure 2 ). Patients with late AF also had more frequent early AF, and 49% of patients with early AF subsequently developed late AF compared with only 7% of those without early AF. The incidence of late AF in patients with versus without early AF was 42Ϯ5% versus 5Ϯ1% (at 5 years) and 62Ϯ5% versus 9Ϯ1% (at 10 years; PϽ0.0001; Figure 3 
Discussion
This study is the first involving a large population and specifically evaluating the incidence of both early AF and late AF after mitral valve surgery for MR and examines the prognostic implications of this complication. Several important conclusions can be drawn from this study. First, AF is a common complication after MR surgery, occurring in Ϸ1 of 4 patients without a prior history of AF and in sinus rhythm at surgery. Second, early AF (within the first 2 weeks postoperatively) occurs more frequently after mitral valve replacement than repair and is associated with a high late recurrence rate. Third, LA enlargement is a strong predictor of both early AF and late AF. The prognostic value of LA enlargement for late AF is cumulative to that of early AF in that it predicts and supersedes other predictors of MR outcome, such as functional class or EF. Finally, AF after mitral valve surgery is not a benign complication and is associated with an increased risk of stroke or CHF, even after adjustment for all baseline characteristics. Therefore, the present study emphasizes the major prognostic value of LA enlargement in patients with MR and suggests that, in those patients, surgery may be considered earlier in the course of the disease to improve long-term outcome.
Incidence of Postoperative AF
The incidence of postoperative AF has mainly been reported after CABG, and cumulative data on Ͼ20 000 patients have been published. 2,4,8 -11 Limited studies report this complication after mitral valve surgery, and available data include patients with both mitral stenosis and MR undergoing predominantly mitral valve replacement or patients undergoing double-valve surgery. 1, 17 Therefore, the occurrence of AF after modern surgical correction of MR is poorly defined. The present study shows that postoperative AF is frequent, involving 24% of operated patients, 18% for early AF and 19Ϯ2% at 10 years for late AF. Differences between current incidences and higher ones reported in previous studies are likely related to stringent AF criteria, patient differences, and higher utilization of mitral valve repair, as the present study suggests that the incidence of postoperative AF is lower after mitral valve repair. Nevertheless, these rates remain high, suggesting that defining predictors of postoperative AF is essential.
Predictors of Postoperative AF
This study provides the opportunity to assess for the first time the incidence of late postoperative AF, its determinants, and its relation to early postoperative AF.
Influence of Early AF
The present study clearly demonstrates that early AF is a major predictor of recurrence of AF. The incidence of late AF in patients with early AF was 62Ϯ5% at 10 years compared with only 9Ϯ1% in patients without early AF. Therefore, AF that occurs early after mitral valve surgery should not be considered an isolated phenomenon related to perioperative factors but as a high-risk marker for further recurrences. In contrast, the absence of early AF is reassuring, because Ͼ90% of patients remained free of AF at 10 years.
Influence of LA Size
Recent outcomes studies in widely varied populations emphasize the role of LA size as a major marker of adverse cardiovascular events. 18 -21 The role of LA enlargement as a harbinger of subsequent AF has been reported in patients without valve disease 22 as well as in patients with MR treated medically. 7 The influence of LA size after cardiac surgery is less clear, because it was not evaluated in most of the largest studies after CABG, and conflicting results have been published in others. 10, 17, 23 In this study, LA size was a strong predictor of both early AF and late AF postoperatively, even after adjusting for various factors such as age, sex, type of surgery, bypass time, LV systolic function, and the presence or absence of CAD. LA size remained an independent predictor of late AF even after adjusting for early AF. The critical importance of LA size was further demonstrated in the subgroup of patients with isolated early AF. These patients were characterized by high CCS angina class and lower LVEF but with a small LA size; comparable to patients without AF, they experienced only transient postoperative AF without recurrence. The power of LA size as a predictor of AF may not be fully measured by LA diameter, and development of criteria for surgery based on LA volume 22 will be of great importance.
Clinical Implications
First, AF after successful MR surgery is frequent early and late and should be taken seriously, as it is associated with an excess risk of morbid events, irrespective of the mode of correction of MR. Patients with early AF are at high risk of recurrence and should be closely monitored.
Second, LA enlargement in MR is associated with a high postoperative AF risk, despite the surgical correction of MR. Increased LA size is also associated with a higher AF incidence in MR conservatively managed and with increased morbidity and mortality. 7 Thus, the present data suggest that LA enlargement should raise awareness about the risk of subsequent AF and that MR surgery should be considered in patients with enlarged atria, especially when the probability of successful repair is high. In view of present and previous 7 results, LA diameter Ն50 mm should be considered an indicator of marked LA enlargement. Future enhancements of LA dilatation assessment by echocardiography should help revise this criterion.
Study Limitations
AF was considered present only when objectively documented but may be transient, and all episodes may not be detected. However, it is currently impossible to constantly monitor for "silent" AF occurrences. Hence, it is essential to define the incidence and consequences of detectable AF, the only form of this arrhythmia that presently may lead to therapeutic intervention. The prognostic implications of detectable AF underscore the importance of this finding.
Approximately 40% of our patients underwent CABG at the time of mitral valve surgery, but this associated procedure does not add to the high rate of AF linked to mitral surgery. Furthermore, LA size, which reflects the severity of MR, independently determined AF, demonstrating the link between MR and postoperative AF.
The present study is not a clinical trial and cannot provide information of potential preventive measures with medical treatment (such as ␤-blockers or amiodarone) 5, 6 or surgical atrial interventions, which should be assessed in future controlled studies now that the high incidence and serious prognosis of postoperative AF have been demonstrated by the present study.
Conclusions
Postoperative AF is a common complication after mitral valve surgery for MR in patients with no prior history of AF at baseline and carries important prognostic implications, even after adjustment for other confounding factors. Early postoperative AF is not an incidental isolated finding and is a harbinger of recurrent AF. LA enlargement is a major predictor of both early and late AF. Therefore, in addition to the important prognostic information provided by LA size and AF occurrence under conservative management in patients with MR, these data further suggest that LA size should be integrated into the decision-making process of patients with MR and that surgery may be considered earlier in the course of the disease.
